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(57) The positive active material for a secondary 
battery of the present invention is p-FeOOH containing 
at least one element selected from the group consisting 
of B, P, S, Li, Na, K, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Co, 
Ni, Cu, Zn, Zr, Pb and Sn which shows a diffraction peak 
from the (1 1 0) plane having a half width Y satisfying 0.3° 
< Y (26) when subjected to the X-ray diffractometry with 
the CuKcc ray. A non-aqueous electrolyte secondary bat- 
tery comprising as a positive active material such low- 
crystalline p-FeOOH exhibits an excellent cycle life per- 
formance as compared with a non-aqueous electrolyte 
secondary battery comprising a high-crystalline 
P-FeOOH as a positive active material. 
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Descrlptl n 

Technical Field 

[0001] Th present inv ntion r lat stoapositiv ac- 
tive mat rial for a secondary battery, a process for the 
preparation thereof and a non-aqueous electrolyte sec- 
ondary battery comprising the same. 

Background Art 

[0002] As a positive electrode for the non-aqueous 
electrolyte secondary battery, there has been proposed 
a lithium-transition metal oxide. As negative electrodes 
forthe non-aqueous electrolyte secondary battery, there 
has been proposed graphite, amorphous carbon, oxide, 
lithium alloy and metallic lithium. Nowadays, lithium co- 
baltate (LiCo0 2 ) is mainly used as a positive active ma- 
terial. However, this active material is expensive. Ac- 
cordingly, in order to cope with the expected huge con- 
sumption of non-aqueous electrolyte secondary batter- 
ies, development of less expensive positive active ma- 
terials is important. 

[0003] Further, from the view point of the increasing 
interest in environmental issues, it is quite desirable that 
the active material is as environmentally friendly as pos- 
sible. Nowadays, compounds containing manganese, 
nickel or iron are under extensive studies as the positive 
active materials for the non-aqueous electrolyte sec- 
ondary battery. Among these elements, iron is the most 
inexpensive and environmentally friendly material. 
Thus, an iron compound is very attractive as a positive 
active material for the next-generation non-aqueous 
electrolyte secondary battery. 

[0004] Various iron compounds have been heretofore 
proposed as iron-containing positive active materials for 
the non-aqueous electrolyte secondary battery. Among 
these iron compounds, iron oxyhydroxide (FeOOH), 
which is an active material delivering high capacity, has 
recently attracted much attention. Among several types 
of FeOOH with different crystalline structure, p-FeOOH 
has a relatively large size of tunnel structure of (2x2). 
It is expected that the use of p-FeOOH as a positive ac- 
tive material for the non-aqueous electrolyte secondary 
battery would provide good battery properties. 
[0005] Amine et al. investigated the positive-electrode 
characteristics in the secondary lithium cells using high- 
crystalline p-FeOOH as a positive material. They report- 
ed that this active material exhibited an excellent 
charge-discharge characteristics at a low current den- 
sity of 0.1 mA/cm 2 (J. Power Sources, 81-82, 221 
(1999)). However, the conventional high-crystalline 
P-FeOOH has a drawback of poor cycle-life perform- 
ance at a higher current density. 
[0006] An object of the present invention is to provide 
an inexpensive and nvironmentally friendly non-aque- 
ous lectrotyte secondary batt ry by using an unkn wn 
novel iron compound as a positive activ mat rial. 



Disci os ur of the Inv ntion 

[0007] Th positive active material f th inv ntion is 
p-FeOOH comprising at least one element s lect d 

5 from the group consisting of B, P, S, Li, Na, K, Mg, Al, 
Ca, Sc, 71, V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb and Sn, 
which shows a diffraction peak from the (1 1 0) plane hav- 
ing a half width Y satisfying 0.3° < Y (26) when subjected 
to X-ray diffractometry with the CuKa ray. Defining that 

10 a material having a half width of not greater than 0.3° 
on the (110) peak is a high-crystalline material while a 
material having a half width of greater than 0.3° on the 
(110) peak is an amorphous material, P-FeOOH of the 
present invention is an amorphous one. The low-crys- 

15 talline p-FeOOH shows a good cycle-life performance 
as compared with the high-crystalline one. Although this 
phenomenon has not been clearly understood, it is con- 
sidered that B, P, S, Li, Na, K, Mg, Al, Ca, Sc, Ti, V, Cr, 
Mn, Co, Ni, Cu, Zn, Zr, Pb and Sn act as a column in the 

20 active material , resulting in the stabilization of the amor- 
phous structure. The reason why the half width Y on the 
(110) peak is restricted to the above defined range is 
that if the half width falls below this range, the active 
material becomes a high-crystalline compound, thus 

25 causing the poor cycle-life performance as mentioned 
before. 

[0008] This positive active material is obtainable by 
adding a salt containing at least one element selected 
from the group consisting of B, P, S, Li, Na, K, Mg, Al, 

30 Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb and Sn to 
an aqueous solution in which an iron salt is dissolved, 
and then subjecting the resulting aqueous solution to hy- 
drolysis at a temperature of from 40°C to 100°C. The 
aqueous solution used for the hydrolysis is preferably 

35 an acidic aqueous solution, particularly a hydrochloric 
acid solution. 

[0009] In the case where the iron salt is ferric chloride 
(FeCy and the vanadium salt is VOS0 4 , when an aque- 
ous solution containing FeCIa and VOS0 4 dissolved 
therein at a molar ratio satisfying 0 < (VOSO^FeCy < 
0.1 is subjected to hydrolysis at a temperature in the 
range of from 40°C to 1 00°C, aged for 1 day or longer, 
tittered, rinsed, and then dried, a positive active material 
of the present invention involving vanadium is prepared. 
45 The reason why the molar ratio of VOS0 4 to FeCI 3 is 
restricted to the above defined range is that the molar 
ratio exceeding the above defined range gives a com- 
pound having a structure different from that of 
p-FeOOH. 

50 fool 0] Further, since the high-crystalline p-FeOOH is 
a needle-like crystal having a great aspect ratio, the use 
of this material as an active material provides a reduced 
contact area between the particles. Accordingly, a large 
amount of an electrically-conducting agent is required 

55 to improve the electrical conductivity between the parti- 
cles. As a result, th d nsity fth activ material is low- 
r d, which is disadvantage. 
[0011] On the contrary, in accordance with the 
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pres nt invention which uses an amorphous 0-F OOH 
having a particle with an aspect ratio of not greater than 
5, the particles can be packed d nsely, resulting in th 
improvement of the contact between the particles. Ac- 
cordingly, the amount of th lectrically-conducting 
agent to be added can be reduced, resulting in the in- 
crease in the density of the active material. Further, 
since the contact area between the particles is large, 
good contact between the particles can be maintained 
even if the crystal lattice of the active material expands 
or shrinks. When the amorphous p-FeOOH having such 
properties is used as a positive active material for a non- 
aqueous electrolyte secondary battery, the cycle-life 
performance of the resulting electrode can be remarka- 
bly improved as compared with the conventional elec- 
trode having the high-crystalline p-FeOOH. 
[0012] The amorphous p-FeOOH of the present in- 
vention may be in the f orm of primary particle or agglom- 
erate of primary particles as long as the aspect ratio of 
particles having each form is not greaterthan 5. As long 
as the aspect ratio of the agglomerate is not greaterthan 
5, the aspect ratio of the constituent primary particles 
may be not smaller than 5. Specific examples of the 
crystal form of p-FeOOH of the present invention include 
column, cone, and rod. 

[0013] The foregoing aspect ratio means the mean 
aspect ratio of individual particles. In some detail, 50 
particles which are selected at random are observed un- 
der the microscope. The average of the aspect ratios of 
the individual particles thus determined is defined as the 
aspect ratio of active material particles. Accordingly, an 
active material having an aspect ratio of not greaterthan 
5 means that the average aspect ratio of the constituent 
particles is not greater than 5. 
[0014] The aspect ratio of individual particles indi- 
cates the degree of the slendemess of p-FeOOH parti- 
cles, i.e., the ratio of (longer axis length/shorter axis 
length) of the particles. As the aspect ratio increases, 
the particle becomes slender. In particular, when the as- 
pect ratio of the particle is not greater than 2, the elec- 
trode comprising the p-FeOOH exhibits a remarkably 
improved cycle-life performance. 
[0015] Furthermore, the inventors made studies on 
the particle diameter of the amorphous p-FeOOH and 
its charge-discharge characteristics. As a result, it was 
found for the first time that a non-aqueous electrolyte 
secondary battery, comprising, as a positive active ma- 
terial, an amorphous p-FeOOH having a particle with a 
mode diameter of not greater than 10 jim and showing 
a diffraction peak from the (110) plane having a half 
width Y satisfying 0.3° < Y (2G) when subjected to X-ray 
diffractometry with the CuKa ray exhibits an excellent 
cycle-life performance. 

[0016] It is necessary that the mode diameter of this 
amorphous p-FeOOH particle is not greaterthan 1 0 ujti, 
pr ferabry not greater than 6 ujti. Th reason why th 
mod diameter is r strict dt not great rthanlOujmis 
that, when the mode diameter is great r than this rang , 



th activ material exhibits a remarkably poor cycle-lif 
performance. The term "mode diameter" as us dh rein 
means the maximum valu on the particle-siz distribu- 
tion curve, i.e., the diameter of particles which are con- 

5 tain d mostly in th powder, which is repres nt d by 
D mod (Kiichiro Kubo, "Funtai-Riron to Ouyou (Powder - 
Theory and Application)", Maruzen, 1979). 
[001 7] The particle may be in the form of primary par- 
ticle, agglomerate of primary particles or mixture there- 
to of. The mode diameter of primary particles or their ag- 
glomerate may be not greaterthan 10 urn. In the case 
where the positive active material of the present inven- 
tion is used in a non-aqueous electrolyte secondary bat- 
tery, an agglomerate is preferred as the active material 

f s rather than primary particles. The reason is that the use 
of an agglomerate as an active material makes it possi- 
ble to reduce the amount of the electrically-conducting 
agent in the positive electrode, resulting in the further 
enhancement of the energy density of the battery. 

20 [0018] When the amorphous p-FeOOH of the inven- 
tion is used as a positive active material for a secondary 
lithium battery, the insertion/extraction of lithium occurs, 
resulting in the reduction of the crystallinity of the active 
material and a drastic change of the structure. The 

25 amorphous p-FeOOH of the present invention which 
has been charged and discharged shows new diffrac- 
tion peaks at angles of about 19°, 26° and 32° when 
subjected to X-ray diffractometry with the CuKa ray. 
Then, the incorporation of at least one element selected 

30 from the group consisting of Li, Na, K, Mg, Al, Ca, Sc, 
T1, V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb and Sn in advance 
in the amorphous p-FeOOH makes it possible to im- 
prove the cycle-life performance of the battery. This is 
presumably because these elements act as columns in 

35 the crystal, exerting an effect of stabilizing the amor- 
phous structure. 

[0019] Further, it is necessary that the amount of the 
foregoing elements in the amorphous p-FeOOH of the 
invention is not smaller than 0.1 wt%. When the amount 

40 of these elements is not smaller than 0.1 wt%, the re- 
sulting cycle-life performance is remarkably improved. 
However, even when these elements are added in an 
amount exceeding the predetermined value, the im- 
provement of the cycle-life performance is not observed. 

45 On the contrary, when the amount of these elements in- 
volved in the amorphous p-FeOOH increases, the dis- 
charge capacity decreases. Accordingly, the amount of 
these elements is preferably not smaller than 0.1 wt% 
but is as small as possible. 

50 

Brief Description of the Drawings 
[0020] 



55 Fig. 1 is an exploded perspective view of a non- 
aqueous electrolyte secondary batt ry. 
Fig. 2 is an nlarg d sectional view of a p sitive 
electrode. 
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Fig. 3 is an enlarged sectional view of a negativ 
electrode. 

Fig. 4 illustrates X-ray diffraction patt ms of th 
positive active materials used in the batteries A1 
and A2 of the Examples and th comparativ bat- 
teri s B1 and B2. 

Fig. 5 is a graph of the initial charge-discharge char- 
acteristics of the batteries A1 and A2 of the Exam- 
ples and the comparative battery B1 . 
Fig. 6 is a graph illustrating the discharge capacity 
of the batteries A1 and A2 of the Examples and the 
comparative battery B1 at each cycle. 
Fig. 7 illustrates X-ray diffraction patterns of the 
positive active material used in the battery A1 of the 
Example in the charged state (a), in the discharged 
state (b) and before charge and discharge (c), 
wherein the symbol * indicates new diffraction 
peaks which appear during the charge and dis- 
charge. 

Fig. 8 illustrates a X-ray diffraction pattern of the 
positive active material used in the battery A3 of the 
Example. 

Fig. 9 is a scanning electron microphotograph of the 
positive active material used in the battery A3 of the 
Example. 

Fig. 1 0 is a graph illustrating the discharge capacity 
of the battery A3 of the Example and the compara- 
tive battery B1 at each cycle. 
Fig. 11 is a graph illustrating the relationship be- 
tween the amount of the electrically-conducting 
agent and the discharge capacity at the 1 0th cycle. 
Fig. 12 is a graph illustrating the relationship be- 
tween the retention of the discharge capacity and 
the amount of Al in the particle of the positive active 
material. 

Fig. 13 is a graph illustrating the relationship be- 
tween the retention of the discharge capacity and 
the mode diameter of the particle of the positive ac- 
tive material. 

Best Mode for Carrying Out the Invention 

[0021] Preferred embodiments of the present inven- 
tion will be described hereinafter. 
[0022] An example of the process for the preparation 
of an amorphous p-FeOOH of the present invention is 
explained as follows. It is obtained by adding a salt con- 
taining at least one element selected from the group 
consisting of B, P, S, Li, Na, K, Mg, Al, Ca, Sc, 71, V, Cr, 
M n, Co, Ni, Cu, Zn, Zr, Pb and Sn to an aqueous solution 
in which an iron salt dissolved, and subjecting the re- 
sulting solution to hydrolysis at a temperature of from 
40°C to 100°C. The aqueous solution used for the hy- 
drolysis is preferably an acidic aqueous solution, partic- 
ularly a hydrochloric acid solution. As the salt to be add- 
ed, a sulfat is particularly preferred. Th reason why a 
sulfate is particularly pref it d is that th us ofasulfat 
makes it possible to r markably enhance the yi Id. It is 



preferred that th product btain dbyth hydrolysis is 
aged for 1 day or longer, filtered, rinsed, and dried. This 
preparation process is extr mery simple and very xcel- 
I nt as an industrial process. 

5 [0023] Examples of th iron salt to b used in th proc- 
ess for the preparation of th positive active material of 
the present invention include FeO, Fe 2 0 3 , Fe 3 0 4) 
FeBr 2 , FeBr 3 , FeCI 2 , FeCI 3 , FefNO^, Fe^PO^, 
FeP0 4 , FeS0 4 , Fe^SO^, Fe^CgO^, (NH^Fe 

10 (SO^, and (NH^FefSO^. Examples of the salt con- 
taining B, P, S, Li, Na, K, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, 
Co, Ni, Cu, Zn, Zr, Pb, or Sn include NaB0 2 , Na^Og, 
Na^Oy, NaB 5 0 8 , Na 2 B 6 O 10 , Ma^O^, N^HPO^ 
Na^PO^ NaBr, NaBr0 3 , NaCI, NaCI0 3 , Nal, NaNQ 3 , 

is Na 3 P0 4 , NaP0 3 , Na^C^, LiBr, LiCI, Lil, LiN0 3 , 
Li2S0 4 , Na2S0 4 , N^S, NaOH, KBr, KBr0 3 , KfiO^ 
K2C 2 0 4 , KCI, Kl, KN0 3 , ICjPO* \<*P 2 0 7l KCrfSO^, 
KOH, KjjS, MgBr 2 , Mg(C 2 H 3 0 2 ) 2 , MgCfe, Mgl 2 , Mgg 
(PO^g, MgS0 4 , AICI 3 , AI(N03) 3 , AI^SO^, CaBr 2 , 

20 CaCI 2 , Cal 2 , Ca(N0 3 )2, ScCfe, 802(804)3, TiBr 4 , T1CI 4 , 
Ti(S0 4 )2, TiOS0 4 , VOCI3, VOS0 4 , CrBr 3 , CrOj, Cr 2 
(SO^, MnBr 2 , MnCfe, Mn(NC>3) 2 , MnSQ 4 , CoBr 2 , 
CoCI 2 , Col 2 , Co (N03) 2 , CoS0 4 , NiBr 2 , Ni(C 2 H 3 0 2 ) 2 , 
NiCL,, Nil 2 , Ni(NO a ) 2 , NiS0 4 , CuBr 2 , Cu(CH 3 COO) 2 , 

25 CuCI 2 , Cu(N0 3 ) 2 , CuS0 4 , ZnBr 2 , Zn(CH 3 COO) 2 , 
ZnCI 2 , Znl 2 , Zn(N0 3 )2, ZnS0 4 , ZrCI 4 , Zrl 4 , ZrOCIg, Zr 
(SO^g, Pb(CH 3 COO) 2 , Pb(N03) 2 , SnBr 2 , SnClj,, SnCI 4 , 
SnF 2 , SnF^ and SnS0 4 . These salts may be used in 
the form of a hydrate and may be used singly, or two or 

30 more of these salts may be used in admixture. 

[0024] When the positive active material of the 
present invention is used to form a non-aqueous elec- 
trolyte secondary battery, structures as shown in Figs. 
1 to 3 may be used. That is, a positive electrode 1 0 and 

35 a negative electrode 20 are spirally wound with a sepa- 
rator 30 of a nonwoven polyethylene fabric therebe- 
tween. The spirally laminated electrode element 40 thus 
obtained is inserted in a battery case 41 . The battery 
case 41 comprises a negative electrode case 42 in the 

40 form of cylindrical vessel, and the opening of the cylin- 
drical vessel is closed by a positive electrode cap 43. 
Though not shown, the interior of the battery case is 
filled with a liquid non-aqueous electrolyte. 
[0025] The aforementioned positive electrode 1 0 has 

45 a structure comprising a positive-electrode composite 
12 retained on both sides of a current collector 11 of an 
aluminum foil having a thickness of, for example, 20 urn 
as shown in Fig. 2. The positive electrode 1 0 is obtained 
by adding, for example, a binder or electrical ly-conduct- 

50 ing agent, etc., to a positive active material of the 
present invention, spreading the resulting paste on both 
sides of the current collector 11 , drying the coated ma- 
terial, and then pressing the dried material. The positive 
electrode 10 is then cut into a belt having a predeter- 

55 mined width before use. On the other hand, as shown 
in Fig. 3, th foregoing n gativ lectrod 20 has a 
structure comprising a negative- lectrode composite 22 
retained on both sides of a current collector 21 of, e.g., 
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a copp r foil. Th negatlv lectrod 20 is obtain d by 
mixing a negativ active material with a binder, spread- 
ing th resulting past on both sides of th current col- 
lector 21 , drying the coated material, and then pressing 
the dried mat rial.Th negative electrod 20isth ncut 5 
into a belt having a predetermined width before use. Th 
belt-shaped positive and negative electrodes are spiral- 
ly wound with the foregoing separator 30 therebetween. 
[0026] As the negative material to be used in the non- 
aqueous electrolyte secondary battery of the present in- io 
vention, there may be used a material capable of insert- 
ing and extracting lithium ion and/or metallic lithium. Ex- 
amples of the material capable of inserting and extract- 
ing lithium ion include graphites, amorphous carbons, 
oxides, nitrides, and lithium alloys. Examples of the lith- is 
ium alloys include alloys of lithium and metals such as 
aluminum, zinc, bismuth, cadmium, antimony, silicon, 
lead, and tin. 

[0027] The non-aqueous electrolyte to be used in the 
non-aqueous electrolyte secondary battery of the 20 
present invention may be in the form of any of a non- 
aqueous electrolytic solution, a polymer electrolyte and 
a solid electrolyte. Examples of the solvent to be used 
in the non-aqueous electrolytic solution include polar 
solvents such as ethylene carbonate, propylene carbon- 25 
ate, dimethyl carbonate, dieth'yl carbonate, methyl eth- 
ylene carbonate, -y-butyrolactone, sulfolan, dimethyl sul- 
foxide, acetonitrile, dimethylformamide, dimethylaceta- 
mide, 1,2-dimethoxyethane, 1 ,2-diethoxyethane, tet- 
rahydrofuran, 2-methyltetrahydrofuran, dioxolane and 30 
methyl acetate, and mixture thereof. Examples of the 
solute to be dissolved in the solvent include salts such 
as LiPF 6 , LJBF4, LiAsF 6 , LiCI0 4 , LiSCN, LiCF 3 C0 2 , 
UCF3SO3, LiN(S0 2 CF3) 2> LiN(S0 2 CF 2 CF3) 2> LiN 
(COCF3) 2 and LiN(COCF 2 CF3) 2 , and mixture thereof. 35 
[0028] The non-aqueous electrolyte secondary cell 
comprising an amorphous p-FeOOH as a positive active 
material will be further described in the following Exam- 
ples. 

40 

[Example 1] 

[0029] 0.1 mole of FeCI 3 -6H 2 0 and 0.0066 mole of 
TiBr 4 were together dissolved in 1 dm 3 of water at a tem- 
perature of 25°C. Subsequently, this solution was heat- 45 
ed at a rate as low as about 10°C/h, and then kept at a 
temperature of 85°Cfor2 days. The resulting precipitate 
was filtrated, thoroughly washed with distilled water, and 
then dried at a temperature of 80°C to obtain a positive 
active material of the present invention. so 
[0030] Subsequently, to 75 weight percent of the fore- 
going positive active material were added 20 weight per- 
cent of acetylene black and 5 weight percent of poly (vi- 
nylidene fluoride) (PVDF). The mixture was then mixed 
with N-methyl-2-pyrrolidone in a wet process to form a ss 
slurry. Th slurry thus obtained was th n spread on both 
sides of an aluminum mesh as a current collector. The 
electrode thus obtain d was then dried at a temperature 



of 80°C. Further, the lectrode was pressed at 1 t/cm 2 , 
and then dried in vacuo at a temperature of 100°C to 
pr pare a positive lectrode having a size of 15 mm x 
15 mm x 0.5 mm. 

[0031] Finally, the foregoing positiv electrod was 
used to prepare a cell (A1 ) of this Exampl comprising 
a positive active material of the present invention. The 
flooded-type cell comprises metallic lithium as a nega- 
tive electrode and a 1 : 1 (by volume) mixture of ethylene 
carbonate and dimethyl carbonate having 1 mol/l of 
LiCI0 4 dissolved therein as a non-aqueous electrolytic 
solution. 

[Example 2] 

[0032] 0.1 mole of FeCl3*6H 2 0 and 0.0033 mole of 
VOS0 4 -2H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25° C. Subsequently, this aqueous 
solution was heated at a rate as low as 1 0°C/h, and then 
kept at a temperature of 80°C for 2 days. The resulting 
precipitate was filtrated, thoroughly washed with dis- 
tilled water, and then dried at a temperature of 80°C to 
obtain a positive active material of the present invention. 
[0033] Finally, a cell (A2) of this Example was pre- 
pared in the same manner as in Example 1 except that 
the foregoing positive active material was used. 

[Comparative Example 1] 

[0034] 0.1 mole of FeCl3-6H 2 0 were dissolved in 1 
dm 3 of water at a temperature of 25°C. Subsequently, 
this aqueous solution was heated at a rate as low as 
10°C/h, 3 and then kept at a temperature of 60°C for 2 
days! The resulting precipitate was filtrated, thoroughly 
washed with distilled water, and then dried at a temper- 
ature of 80°C to obtain a positive active material. 
[0035] Finally, a comparative cell (B1) was prepared 
in the same manner as in Example 1 except that the 
foregoing positive active material was used. 

[Comparative Example 2] 

[0036] 0.1 mole of FeCl3«6H 2 0 and 0.012 mole of 
VOS0 4 -2H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this aqueous 
solution was heated at a rate as low as 1 0°C/h, and then 
kept at a temperature of 70°C for 2 days. The resulting 
precipitate was filtrated, thoroughly washed with dis- 
tilled water, and then dried at a temperature of 80°C to 
obtain a positive active material. 
[0037] Finally, a comparative cell (B2) was prepared 
in the same manner as in Example 1 except that the 
foregoing positive active material was used. 
[0038] Figs. 4A, B, C and D indicate X-ray diffraction 
patterns (the CuKct ray) of the positive active materials 
us d in th comparativ cells B1 and B2 and the cells 
A1 and A2 of the pres nt inv nti n, r spectiv ly. From 
the position of th diffraction p aks, it was found that th 
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active mat rials us d in th cells A1 and A2 f th Ex- 
amples and the comparative cell B1 were p-FeOOH. On 
the other hand, th activ material used in th compar- 
ative cell B2 was found to have a structure quit different 
from that of p-F OOH. 

[0039] Th ICP spectroscopy revealed that the posi- 
tive active material used in the cell A1 and that used in 
the cell A2 of the Examples contained about 3 wt% of 
Ti and V, respectively. On the other hand, the positive 
active material used in the comparative cell B2 was 
found to contain about 25 wt% of V. 
[0040] Comparing the cell A2 of the Example with the 
comparative cell B2, the active material used In the 
former cell was obtained under the condition of VOS0 4 / 
FeCl3 (molar ratio) < 0.1 while the active material used 
in the latter cell was synthesized under the condition of 
VOS0 4 /FeCl3 (molar ratio) > 0.1 . It was thus found that 
the hydrolysis of an aqueous solution in which FeCI 3 and 
V0S0 4 are dissolved at a molar ratio satisfying 
0 < (VOSO^/FeCy < 0.1 makes it possible to obtain an 
amorphous p-FeOOH of the present invention. 
[0041] The values of the half width of a diffraction 
peak from the (110) plane for the active materials used 
in the cells A1 and A2 of the Examples and the compar- 
ative cell B1 were about 0.5°, 1 .2°, and 0.2°, respective- 
ly. It was thus found that the positive active materials 
used in the cells A1 and A2 of the Examples and the 
active material used in the comparative cell B1 were 
amorphous p-FeOOH and high-crystalline p-FeOOH, 
respectively. 

[Charge-discharge characteristics] 

[0042] The cells A1 and A2 of the Examples and the 
comparative cells B1 and B2 thus prepared were each 
subjected to the 10-cycle charge-discharge test at a 
constant current. The termination voltages for the 
charge and discharge were 4.3 V and 1 .6 V, respective- 
ly. 

[0043] Fig. 5 illustrates the initial charge-discharge 
characteristics of the cells of the Examples and the com- 
parative cells. Fig. 6 illustrates the discharge capacity 
of the cells of the Examples and the comparative cells 
at each cycle. In these Figs., the symbols A, and □ 
indicate the characteristics of the cell A 1 of the Example, 
the cell A2 of the Example, and the Comparative cell B1 , 
respectively. The discharge capacity herein is repre- 
sented by electricity per 1 g of the positive active mate- 
rial (mAh/g). 

[0044] Fig. 5 illustrates the initial charge-discharge 
characteristics of the cells of the Examples and the com- 
parative cells. The current was 0.1 mA/cm 2 . The cells 
of the Examples exhibit the higher charge and discharge 
capacities as compared with the comparative ceils, in- 
dicating that the cells of the Examples provide the better 
charge-discharg characteristics. 
[0045] Fig. 6 illustrat s th discharge capacity of the 
cells of the Examples and the comparative cells at each 



cycl .Th current was 0.2 mA/cm 2 . It was apparent that 
the cells of the Examples show the bett rcycl -lifeper- 
f rmancethanth comparativ cells. 
[0046] The cell A1 of th Example was charged at 4.3 
5 V r discharged at 1 .6 V, and then disass mbi d. Th 
positive active mat rial us d was then subject d to X- 
ray diffractometry. The X-ray diffraction patterns of the 
products after charge and discharge are shown in Figs. 
7A and B, respectively. The X-ray diffraction pattern of 
the active material used in the cell A1 of the Example 
before charge and discharge is shown in Fig. 7C. Com- 
paring Figs. 7A, B with Fig. 7C, it can be seen that, after 
charge and discharge, the intensity of the diffraction 
peaks of the active material is remarkably lowered and 
that new diffraction peaks appear at the angles of about 
19°, 26° and 32°. Furthermore, Fig. 7B shows that new 
diffraction peaks appear at the angles of about 43° and 
63° for the cell in the discharged state. From these re- 
sults, it was found that when an amorphous p-FeOOH 
is used as a positive active material of the present in- 
vention for the secondary lithium cell, the insertion/ex- 
traction of lithium occurs, which further lowers the crys- 
tallinity of the p-FeOOH and hence causes a drastic 
change of its structure. The high-intensity peaks ob- 
served at the angles of about 38° , 45° and 65° in Figs. 
7A and B are attributed to aluminum used as a current 
collector. 

[Example 3] 

[0047] 0.1 mole of FeCl3-6H 2 0 and 0.1 mole of 
CuS0 4 -5H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 10°C/h, and then kept at 
a temperature of 80°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80° C to obtain a 
positive active material of the present invention. 
[0048] Finally, a positive electrode and a cell (A3) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
were 70 weight percent, 20 weight percent and 10 
weight percent, respectively. 

[Example 4] 

[0049] A positive active material of the present inven- 
tion was obtained in the same manner as in Example 3. 
Subsequently, a positive electrode and a cell (A4) of this 
Example were prepared in the same manner as in Ex- 
ample 1 except that the amount of the foregoing positive 
active material, acetylene black and PVdF used were 
75 weight percent, 1 5 weight percent and 1 0 weight per- 
cent, respectively. 
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[Exampl 5] 

[0050] Aposltiv activ mat rial of th present inven- 
tion was obtain dinthesam mann ras in Exampl 3. 
Subsequ ntly, a positiv electrode and a cell (A5) f this 
Example were prepared in the same mann r as in Ex- 
ample 1 except that the amount of the foregoing positive 
active material, acetylene black and PVdF used were 
80 weight percent, 1 0 weight percent and 1 0 weight per- 
cent, respectively. 

[Example 6] 

[0051] 0.1 mole of FeCl3-6H 2 0 and 0.033 mole of AI2 
(S0 4 ) 3 -8H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 80°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80° C to obtain a 
positive active material of the present invention. 
[0052] Finally, a positive electrode and a cell (A6) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
we're 80 weight percent, 10 weight percent and 10 
weight percent, respectively. 

[Example 7] 

[0053] 0.1 mole of FeCI 3 -6H 2 0 and 0.04 mole of Al 2 
(S0 4 ) 3 -8H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 80°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80°C to obtain a 
positive active material of the present invention. 
[0054] Finally, a positive electrode and a cell (A7) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
were 80 weight percent, 10 weight percent and 10 
weight percent, respectively. 

[Example 8] 

[0055] 0.1 mole of FeCl3-6H 2 0 and 0.05 mole of A^ 
(S0 4 ) 3 -8H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 85°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80°C to obtain a 
positive active material of the invention. 
[0056] Finally, a positiv lectrod and a cell (A8) of 
this Exampl w re pr par d in th sam mann r as in 
Exampl 1 xcept that the amount of th foregoing pos- 



itiv activ material, acetyl n black and PVdF us d 
were 80 weight percent, 10 w ight percent and 10 
w ight p rcent, respectiv ly. 

5 [Comparativ Example 3] 

[0057] A positive active material was obtained in the 
same manner as in Comparative Example 1 . Subse- 
quently, a positive electrode and a comparative cell (B3) 
10 were prepared in the same manner as in Example 1 ex- 
cept that the amou nt of the foregoing positive active ma- 
terial, acetylene black and PVdF used were 70 weight 
percent, 20 weight percent and 10 weight percent, re- 
spectively. 

15 

[Comparative Example 4] 

[0058] A positive active material was obtained in the 
same manner as in Comparative Example 1 . Subse- 

20 quently, a positive electrode and a comparative cell (B4) 
were prepared in the same manner as in Example 1 ex- 
cept that the amount of the foregoing positive active ma- 
terial, acetylene black and PVdF used were 75 weight 
percent, 15 weight percent and 10 weight percent, re- 

25 spectively. 

[Comparative Example 5] 

[0059] A positive active material was obtained in the 
30 same manner as in Comparative Example 1 . Subse- 
quently, a positive electrode and a comparative cell (B5) 
were prepared in the same manner as in Example 1 ex- 
cept that the amount of the foregoing positive active ma- 
terial, acetylene black and PVdF used were 80 weight 
35 percent, 1 0 weight percent and 1 0 weight percent, re- 
spectively. 

[Comparative Example 6] 

40 [0060] 0.1 mole of FeCI 3 -6H 2 0 and 0.02 mole of Al 2 
(S04) 3 -8H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 80°C for 2 days. The resulting precip- 
es itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80°C to obtain a 
positive active material. 

[0061 ] Finally, a positive electrode and a comparative 
cell (B6) were prepared in the same manner as in Ex- 
50 amplel except that the amount of the foregoing positive 
active material, acetylene black and PVdF used were 
80 weight percent, 1 0 weight percent and 1 0 weight per- 
cent, respectively. 

55 [Comparative Example 7] 

[0062] 0.1 mol of F CI 3 6H 2 0 and 0.025 mol of Al 2 
(S04) 3 -8H 2 0 were together dissolved in 1 dm 3 of wat r 



7 



13 



EP 1251 575 A1 



14 



at a temperatur of 25°C. Subs qu ntfy, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
at mperature of 80°C f r 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
t r, and then dried at a t mp nature f80°Ct obtain a 
positive active material. 

[0063] Finally, a positive electrode and a comparative 
cell (B7) were prepared in the same manner as in Ex- 
ample 1 except thattheamount of the foregoing positive 
active material, acetylene black and PVdF used were 
80 weight percent, 1 0 weight percent and 1 0 weight per- 
cent, respectively. 

[0064] Fig. 8 shows the X-ray diffraction pattern (the 
CuKcc ray) of the positive active material used in the cell 
A3 of the Example. From the position of the diffraction 
peaks in Fig! 8, the active material used in the cell A3 
of the Example was found to be p-FeOOH. The half 
width of the diffraction peak from the (1 1 0) plane for the 
active material used in the cell A3 was about 0.7° . These 
results indicate that the positive active material used in 
the cell A3 of the Example was an amorphous 
p-FeOOH. As previously mentioned, the active material 
used in the comparative cell B3 is a high-crystalline 
p-FeOOH. 

[0065] The lattice constants of the tetragonal 
P-FeOOH determined from the position of the X-ray dif- 
fraction peaks were a = 10.50 A and c = 3.03 A for the 
amorphous p-FeOOH used in the cell A3 of the Exam- 
ple, and a = 1 0.54 A and c = 3.03 A for the high-crystal- 
line p-FeOOH. It was thus found that the unit cell of the 
amorphous p-FeOOH of the present invention has 
shrunk in the direction of the a-axis as compared with 
that of the high-crystalline one. 
[0066] Fig. 9 illustrates the scanning electron micro- 
photograph of the positive active material used in the 
cell A3 of the Example. The active material used in the 
cell A3 of the Example was found to comprise particles 
having an average diameter of about 4 jim and an as- 
pect ratio of not greater than 2. On the other hand, the 
active material used in the comparative cell B3 was 
found to comprise needle-iike particles having an aspect 
ratio of about 8; the length of a longer axis was about 
0.8 urn and that of a shorter axis was about 0.1 urn. 
[0067] The ICP spectroscopy confirmed that 
P-FeOOH used in the cell A3 of the Example contained 
0.07 wt% of Cu. 

[0068] The cell A3 of the Example was charged, dis- 
charged, disassembled, and then subjected to the X-ray 
diffractometry of the positive active material in the same 
manner as the cell A1 of the Example. The resulting 
products after charge and discharge showed the X-ray 
diffraction patterns similar to those shown in Figs. 7A 
and B, respectively. 

[Charge-discharge characteristics] 

[0069] Th cells A3, A4 and A5 of th Exampl s and 
th comparative cells B3.B4 and B5 thus pr pared were 



achth n subj cted to th 10-cycl charge-discharg 
test with a constant curr nt. Th t nmination voltages 
forthecharg anddischarg wr 4.3 V and 1 .6 V, re- 
spectively. Th current was 0.2 mA/cm 2 . 

5 [0070] Fig. 10 illustrat s th discharg capacities of 
the cell A3 of th Exampl andth comparative cell B3 
at each cycle. In Fig. 10, the symbols ■ and O indicate 
the discharge capacities of the cell A1 of the Example 
and the comparative cell B3 at each cycle, respectively. 

10 From Fig. 1 0, it was found that the cell of the Example 
shows better cycle-life performance than the compara- 
tive cell. 

[0071] Fig. 11 illustrates the relationship between the 
amount of acetylene black added as an electrically-con- 

15 ducting agent and the discharge capacity at the 1 0th cy- 
cle for the cells A3, A4 and A5 of the Examples and the 
comparative cells B3, B4 and B5. In Fig. 11 , the symbol 
■ indicates the values for the cells A3, A4 and A5 of the 
Examples and the symbol O indicates those for the com- 

20 parative cells B3, B4 and B5. From Fig. 11 , it was found 
that the cells of the Examples give a higher discharge 
capacity than the comparative cells even if the amount 
of the electrically-conducting agent in the positive elec- 
trode is small. 

25 [0072] Subsequently, p-FeOOH having different as- 
pect ratios were used to prepare cells similar to that 
used in the Example 3. The prepared cells were then 
subjected to the charge-discharge cycling test in the 
same manner as in Example 3. The 1 0th discharge ca- 

30 pacities are shown in Table 1 . The values of the dis- 
charge capacities in Table 1 were averaged ones calcu- 
lated from the 1 0 cells. 



Table 1 



35 



Aspect ratio 


Discharge capacity (mAh/g) 


1.5 


165 


1.9 


161 


2.8 


154 


3.5 


152 


4.6 


151 


5.9 


142 


6.4 


138 


7.9 


133 



[0073] As is clearly seen in Table 1 , the aspect ratio 
so of p-FeOOH which is not greater than 5 showed the dis- 
charge capacity over 150 mAg/g. In particular, when the 
aspect ratio of p-FeOOH is not greater than 2, the dis- 
charge capacity exceeds 160 mAg/g. 
[0074] When subjected to the ICP spectroscopy, the 
55 active materials used in the cells A6, A7 and A8 of the 
Examples and th comparativ cells B6 and B7 w r 
found to contain Al. Then, the relationship b tw n th 
amount of A1 and the charge-discharge charact ristics 



8 



15 



EP 1 251 575 A1 



16 



was examin d. Scanning lectron microscopy con- 
firmed that the activ materials used in th cells A6.A7 
and A8 of th Examples and the comparative cells B6 
and B7 had an aspect ratio of not greater than 5. 
[0075] Fig. 1 2 illustrates the relationship between the 
retention of the discharge capacities of the cells A6, A7 
and A8 of the Examples and the comparative cells B6 
and B7 at the 10th cycle and the amount of Al in the 
active materials used in these cells. The "retention of 
the discharge capacity" is defined by the ratio of the dis- 
charge capacity at the 1 0th cycle to the initial discharge 
capacity. The value of the retention is shown by percent- 
age. It is clearly seen that, when the amount of Al in the 
active material is not smaller than 0.1 wt%, the resulting 
cells show a remarkably high retention of the discharge 
capacity. 

[0076] The cell A3 of the Example was charged at 4.3 
V or discharged at 1 .6 V, and then disassembled. The 
positive active material used was then subjected to X- 
ray diffractometry. The resulting products after charge 
and discharge showed the X-ray diffraction patterns 
similar to those shown in Figs. 7A and B. This result in- 
dicates that when an amorphous p-FeOOH of the 
present invention having a particle with an aspect ratio 
of not greater than 5 is used as a positive active material 
for the secondary lithium cell, the insertion/extraction of 
lithium occurs, which further lowers the crystallinity of 
p-FeOOH and hence causes a drastic change of its 
structure. 

[Example 9] 

[0077] 0.1 mole of FeCI 3 6H 2 0 and 0.0033 mole of 
Li 2 S0 4 H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 60°C for 2 days. The resulting precip- 
itate filtrated, thoroughly washed with distilled water, 
and then dried at a temperature of 80°C to obtain a pos- 
itive active material of the present invention. 
[0078] Finally, a positive electrode and a cell (A9) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
were 80 weight percent, 10 weight percent and 10 
weight percent, respectively. 

[Example 10] 

[0079] 0.1 mole of FeCI 3 -6H 2 0 and 0.05 mole of 
Li2S0 4 -H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 70°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dri d at a temperatur of B0°C to obtain a 
positive active mat rial of th present inv ntion. 
[0080] Finally, a positiv electrode and a cell (A1 0) of 



this Exampl w re pr par d in th same mann r as in 
Example 1 except that the amount of the foregoing pos- 
itiv activ material, acetyl n black and PVdF us d 
w re 80 weight percent, 10 weight percent and 10 
5 w ight p rcent, respectiv ly. 

[Example 11] 

[0081] 0.1 mole of FeC!3>6H 2 0 and 0.1 mole of 
io Li2S0 4 -H 2 0 were together dissolved in 1 dm 3 of water 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 90°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
15 ter, and then dried at a temperature of 80° C to obtain a 
positive active material of the present invention. 
[0082] Finally, a positive electrode and a cell (A1 1 ) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
20 jth/e active material, acetylene black and PVdF used 
were 80 weight percent, 10 weight percent and 10 
weight percent, respectively. 

[Example 12] 

25 

[0083] 0.1 mole of FeCI^Sh^O and 0.01 mole of 
MgS0 4 -7H 2 0 were together dissolved in 1 drr^ofwater 
at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 

30 a temperature of 60°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80° C to obtain a 
positive active material of the present invention. 
[0084] Finally, a positive electrode and a cell (A1 2) of 

35 this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
were 80 weight percent, 10 weight percent and 10 
weight percent, respectively. 

40 

[Example 13] 

[0085] 0.1 mole of FeC^e^O and 0.033 mole of 
Li2S0 4 .H 2 0 were together dissolved in 1 dm 3 of water 

45 at a temperature of 25°C. Subsequently, this solution 
was heated at a rate as low as 1 0°C/h, and then kept at 
a temperature of 60°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80°C to obtain a 

so positive active material of the present invention. 

[0086] Finally, a positive electrode and a cell (A1 3) of 
this Example were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 

55 were 80 weight percent, 10 weight percent and 10 
w ight p rcent, respectively. 
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[Comparativ Exampl 8] 

[0087] 0.1 mol of F Ci 3 «6H 2 0 and 0.03 mole of 
CuS0 4 -5H20 were tog ther dissolved in 1 dm 3 of water 
at a temp ratur of 25°C. Subsequ ntty, this solution 
was heat d at a rate as low as 1 0°C/h, and then kept at 
a temperature of 60°C for 2 days. The resulting precip- 
itate was filtrated, thoroughly washed with distilled wa- 
ter, and then dried at a temperature of 80°C to obtain a 
positive active material. 

[0088] Finally, a positive electrode and a comparative 
cell (B8) were prepared in the same manner as in Ex- 
ample 1 except that the amount of the foregoing positive 
active material, acetylene black and PVdF used were 
80 weight percent, 1 0 weight percent and 1 0 weight per- 
cent, respectively. 

[Comparative Example 9] 

[0089] A positive active material of the present inven- 
tion was obtained in the same manner as in Example 9. 
Subsequently, a positive electrode and a comparative 
cell (B9) were prepared in the same manner as in Ex- 
ample 1 except that the amount of the foregoing positive 
active material, acetylene black and PVdF used were 
70 weight percent, 20 weight percent and 1 0 weight per- 
cent, respectively. 

[Comparative Example 10] 

[0090] A positive active material of the present inven- 
tion was obtained in the same manner as in Example 
10. Subsequently, a positive electrode and a compara- 
tive cell (B1 0) were prepared in the same manner as in 
Example 1 except that the amount of the foregoing pos- 
itive active material, acetylene black and PVdF used 
were 70 weight percent, 20 weight percent and 10 
weight percent, respectively. 

[0091] The positive active materials used in the cells 
A9 to A13 of the Examples and those used in the com- 
parative cells B8 to B10 showed X-ray diffraction pat- 
terns similar to that shown in Fig. 8. This result indicates 
that the active materials used in the cells A9 to A13 of 
the Examples and those used in the comparative cells 
B8 to B1 0 were all amorphous p-FeOOH. 
[0092] Table 2 shows the mode diameter of the posi- 
tive active materials determined by the particle-size 
analysis for the cells A9 to A1 3 of the Examples and the 
comparative cell B8. 



Table 2 



Cell No. 


Mode diameter of particle (ujti) 


A9 


0.6 


A10 


3.4 


A11 


5.1 



Table 2 (continued) 



C II No. 


Mod diamet rofparticl (urn) 


A12 


6.2 


A13 


9.5 


B8 


13.9 



[0093] As can be seen in Table 2, all the particles of 
the active materials used in the cells A9 to A13 of the 
Examples had a mode diameter of not greater than 10 
jim. SEM observation confirmed that the active material 
used in the cell A9 of the Example was mainly composed 
of primary particles and that those used in the cells A1 0 
to A13 of the Examples were found to be mainly com- 
posed of agglomerates of primary particles. 

[Charge-discharge characteristics] 

[0094] The cells A9 to A1 3 of the Examples and the 
comparative cells B8 to B10 thus prepared were then 
subjected to the 1 0-cycle charge-discharge test with a 
constant current. The termination voltages for the 
charge and discharge were 4.3 V and 1 .6 V, respective- 
ly. The current was 0.2 rrtA/cm 2 . The measurement was 
conducted at a temperature of 25° C. 
[0095] Fig. 1 3 illustrates the relationship between the 
retention of the 1 0th discharge capacities of the cells A9 
to A13 of the Examples and the comparative cells B8 
and the mode diameter of the particles of the positive 
active materials used in these cells. 
[0096] As can be seen in Fig. 13, when the mode di- 
ameter of the particle of the active material is not greater 
than 10 urn, particularly not greater than 6 jim, the re- 
sulting cell exhibits a remarkably high retention of the 
discharge capacity. 

[0097] From the particle-size analysis, the active ma- 
terials used in the cells A6, A7 and A8 of the Examples 
and those used in the comparative cells B6 and B7 were 
found to have particles with a mode diameter of from 3 
urn to 5 ujti. Accordingly, taking into account the rela- 
tionship shown in Fig. 12, it was clarified that when an 
amorphous 0-FeOOH, which has a mode diameter of 
not greater than 1 0 jim and the amount of Al of not small- 
er than 0.1 wt%, is used as a positive active material, 
the resulting cell shows a remarkably high retention of 
the discharge capacity. 

[0098] In the Examples 9 to 13, the active material, 
acetylene black and PVdF was mixed with a ratio of 80 : 
1 0 : 1 0 in weight. Subsequently, the effect of the amount 
of the electrically-conducting agent on the charge-dis- 
charge characteristics was examined. The comparative 
cells B9 and B1 0 containing the active material, acety- 
lene black, and PVdF with a weight ratio of 70 : 20 : 10 
were subjected to the charge-discharge test. The results 
were then compared with those of th cells A9 and A1 0 
ofth Examples. As a r suit, th r tentionsofth 10th 
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discharge capacities wer similar b tweenth compar- 
atrv cells B9 and B10. On the other hand, when the 
amount of the electrically-conducting ag nt is 10 wt%, 
th cell A10 of the Exampl show d a higher retention 
ofth discharg capacity than th cellA9ofth Exampl 5 
as shown in Fig. 1 3. Th active material used in the cell 
A9 of the Example is mainly composed of primary par- 
ticles while the active material used in the cell A10 of 
the Example is mainly composed of agglomerates. 
From these facts, it was found that when an agglomer- 
ate is used as an active material, a high discharge ca- 
pacity can be retained even if the amount of the electri- 
cally-conducting agent is reduced. 
[0099] In the present Examples, metallic lithium was 
used as a negative electrode material. When a com- 
pound comprising a positive active material of the 
present invention which contains lithium is used as a 
positive active material, graphite, amorphous carbon, 
oxide, nitride, lithium alloy or the like may be used as a 
negative electrode material. As a method to insert lithi- 
um in the active material of the present invention, there 
may be exemplified a chemical process besides the 
electrochemical process described in the foregoing Ex- 
amples. An example of the chemical process includes 
a method involving the reaction of the active material of 
the invention with a reducing agent such as n-BuLi and 
Ul. 

Industrial Possibility 

[0100] As mentioned above, in acoordance with the 
invention, the use of an unknown novel iron compound 
as a positive active material makes it possible to provide 
an inexpensive and environmentally friendly non-aque- 
ous secondary battery. 



Claims 

1 . A positive active material for a secondary battery 40 
comprising p-FeOOH that contains at least one el- 
ement selected from the group consisting of B, P, 

S, Li, Na, K, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, 
Cu, Zn, Zr, Pb and Sn and that shows a diffraction 
peak from the (1 1 0) plane having a half width Y sat- 
isfying 0.3° < Y (26) when subjected to X-ray dif- 
f ractometry with the CuKa ray. 

2. A process for the preparation of a positive active 
material for a secondary battery according to Claim so 
1 which comprises a step of hydrolyzing an aque- 
ous solution, in which an iron salt and a salt con- 
taining at least one element selected from the group 
consisting of B, P, S, Li, Na, K, Mg, Al, Ca, Sc, 71, 

V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb and Sn are dis- 55 
solved, at a t mperature of from 40°C t 100°C. 

3. A process for the preparation of a positive activ 



mat rial for a secondary batt ry according to Claim 
2, wherein said iron salt is f rric chloride, said va- 
nadium salt is VOS0 4 , and said aqu ous solution 
contains FeC^ and VOS0 4 together dissolv d 
ther in at a molar ratio satisfying 0 < (VOS0 4 / 
FeCl3)<0.1. 

4. A positive active material for a secondary battery 
comprising p-FeOOH that has particles with an as- 
pect ratio of not greater than 5 and that shows a 
diffraction peak from the (110) plane having a half 
width Y satisfying 0.3° < Y (2G) when subjected to 
X-ray diffractometry with the CuKa ray. 

5. A positive active material for a secondary battery 
comprising p-FeOOH that has particles with a mode 
diameter of not greater than 1 0 um and that shows 
a diffraction peak from the (1 1 0) plane having a half 
width Y satisfying 0.3° < Y (20) when subjected to 
X-ray diffractometry with the CuKa ray. 

6. A positive active material for a secondary battery 
according to Claim 4 or 5, wherein said positive ac- 
tive material further contains at least one element 
selected from the group consisting of Li, Na, K, Mg, 
Al, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb and 
Sn. 

7. A positive active material for a secondary battery 
according to Claim 4 or 5, wherein the amount of 
said at least one element selected from the group 
consisting of Li, Na, K, Mg, Al, Ca, Sc, TI, V, Cr, Mn, 
Co, Ni, Cu, Zn, Zr, Pb and Sn is not smaller than 0.1 
wt%. 

8. A process for the preparation of a positive active 
material according to Claims 4 to 7, which compris- 
es a step of hydrolyzing an aqueous solution, in 
which ferric chloride and a saft containing at least 
one element selected from the group consisting of 
Li, Na, K, Mg, Al, Ca, Sc, TI, V, Cr, Mn, Co, Ni, Cu, 
Zn, Zr, Pb and Sn are dissolved, at a temperature 
of from 40°Cto100°C. 

9. A non-aqueous electrolyte secondary battery com- 
prising the following elements: 

(1) a negative electrode comprising a negative 
active material capable of inserting and extract- 
ing lithium ion and/or metallic lithium; 

(2) a positive electrode comprising a positive 
active material according to any one of Claims 
1 , 4, 5, 6 or 7; and 

(3) an electrolyte in contact with said negative 
electrode and positive electrode. 
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FIG. 10 
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^mwnjEmmntom*. b, p, s, l i , n 3 , k, M g> a i , c a , s 

c, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Zr, Pb, S n fah ft 
3#a*fc»fittxfci-<fc< i t-«©7cimU-F e OOHT^oT, $ P> 
KlCuKa»&ffl^fcX&H#r&-C\ 4MMBY#0. 3° <Y (2 0) <Z> (l 1 

o) mmvttrs&^iirz t*wmt~rz> 0 (no) sm^t-^^ 

cfc 5 ^M^CD^^— F eOOHIJ, iftiMtttf) j8 — F e OOHilt^M 
ft1f--r ^/H^^^r^-To d©3ffi*tt*^:Wfe^-ett^V^s % B, P, S, Li, 
Na , K, Mg> AK C a , S c , T i , V, C r , Mn, Co, N i , Cu, 

zn, zr, Pb, s n&fgyowftx&n&m&mtz u ^(D^m^mmm^ 
! %mk'fz>tmmistLZ> 0 (i i o)®(H]jfft: o -^(7)^fi:itigY^j;fsftt(Dt5is{cpg 

L < tei£g£^i;i, B, P, S, Li, Na, K, Mg, Al, Ca, S 
c, Ti, V, Cr,Mn, Co, Ni, Cu, Zn, Zr, Pb, S n^ft 

±mmm.^mtm~ik (Feci,), ^t^^^voso 4 ©i^ F e 

C 1 3 ^VOSO 4 ^;«0< (VOSO 4 /FeCl 3 )<0. 1 
**>J^-e*#L.fe^c|SaESr4 Ot^t 1 0 0°C(7>|5fflrtT^D7ic^L, 1 P^_h 
»J*. Mil, ^fS^tiaoT, ^^^^^^Lfc^B^jE^S 

mmm(btiz> 0 Feci 3< t voso 4 ^/ujt^±iE^i5Sp*3^i5^$ns 
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25 ^fc % *i^©#B B B fi3 - F e OOH^l-^tt 5±fE7n^(75-^^"4« 0 . lw 

£\ # H B B @i3 -F e OOH4 3 ^-bfe7C^^^P*^#< ^ffi^»^^/> 



4 



WO 01/80337 



PCT/JP01/03223 



SMEW*, HIWliAl, A2^oj:MliBl, B 2 (Cffil^tl^iE^ 

15 Eltt, Hlfe0IJ«?&A 1 , A 2 *5«fctttfctSES?&B 1 O^^SSME^t^^ 7 
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77 

»*u<«:«H4**ar, «n-# * l < i-ti&mmmz.^ b, p n s, li, n 
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Zn, Zr, Pb, Snfrbt£Zmfrbm&tlfc-t<t£< kh—m&jtm&'Stt 
iftSrSSAPU #^tL7t7K^^^r4 0 o C;6>e> l 0 0 < C©!5fflrtT-;Jta*#fl¥1 - 5 r t 

^mtDjEmfemm&mmx&xm^^ft&mmu-i; f e o, Fe,o 3 , f 

e 3 0 4 , FeBr 2 , FeBr 3 , FeCl,, FeCl 3 , Fe (N0 3 ) 3 , Fe 3 
(P0 4 ) 2> F e P0 4 , FeS0 4> F e 2 (S0 4 ) 3 , F e 2 (C,0 4 h (NH 4 ) 
10 2 Fe (S0 4 ) 2 , (NH 4 ) Fe ( S 0 4 ) , T^J^^, B, P, S, Li, N 
a. K, Mg , A 1 , C a , S c , Ti, V, C r , Mn , Co, Ni, C u , 
Zn, Zr, Pb, Sn^tf^i N a B0 2> Na 4 B 2 C* 5 , N a 2 B 

4 0 7 , NaB 5 O s , Na 2 B 6 O 10 , Na 2 B„O n> Na 2 HP0 4 , N a 2 H P 

0 3 , N a B r , N a B r 0 3 , N a C 1 , N a C 1 0 3 , Na I , N a N0 3 , N 
15 a,P0 4 »NaPO„Na 4 P,0„ LiBr > L i C 1 , Li I , L i N0 3 , 

Li 2 S0 4> N a 2 S 0 4 , N a 2 S, N a OH, K B r , KBrO a , K 2 C0 3 , 
K 2 C 2 0 4 , KC 1 , K I , KN0 3 , K 3 P0 4 , K 4 P 2 0 7 , KCr (S0 4 ) 2 , 
KOH, K 2 S, Mg B r 2 , Mg (C 2 H 3 0 2 ) 2 , Mg C 1 2 , Mg I 2 , Mg 3 
(P0 4 ) 2 ,MgS0 4 , A1C1 3 , Al (NO :j ) 3 , Al 2 (S0 4 ) 3 , Ca 
20 B r 2 , CaCl 2> C a I 2 , Ca (N0 3 ) 2 , ScCl 3 , Sc 2 (S0 4 ) 3 , 
T i B r 4 , TiCl 4> Ti (S0 4 ) 2 , T i O S0 4 , VOCl 3 , VOS0 4> 
C r B r 3 , C r C 1 3 , Cr 2 (S0 4 ) 3 , Mn B r 2 , Mn C 1 2 , Mn (NO 
3 ) 2 . Mn S0 4 , C o B r 2 , C o C 1 2 , C o I 2 , Co (N0 3 ) 2 , CoS 

0 4 , NiBr 2> Ni (C 2 H 3 0 2 ) 2 , N i C 1 2 , Ni I 2 , Ni (N0 3 ) 2 , 
25 NiS0 4 , CuBr 2 , Cu (CH 3 COO) 2 , CuCl 2 , Cu (N0 3 ) 2 , 

CuS0 4> ZnBr 2 , Zn (CH 3 COO) 2 , Z n C 1 2 , Znl 2 , Zn (N 
0 3 ) 2 , ZnS0 4 , ZrCl 4 , Z r I 4 , ZrOCl 2 , Zr (S0 4 ) 2 , P 
b (CH 3 COO) 2 , Pb (N0 3 ) 2 , SnBr 2 , SnCl 2 , SnCl 4 , S 
nF 2 , SnF 4 , S n S O 4 ^0ij^ £ tl%> 0 H tl h (DTRfn^^ffi V * 5 ~ «t 
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1 0 asitiS2 0 i:^, 0ijx-fcf#?y ^is^tomfrbrt'tt'*^--* 3 

ftuffilMfflmSS 1011 El 2 J: 5 Mz-l-£m$ 20 u m(DT^X=- 

10 1 ^i^SicM^J 1 2 ^^Lfc«5t^i: 5o lEMm 

£ti<5„ — lis m3ic7jk-f£ oiz, mm^.mmmmm2 cm, #jx.f£#isi?g^<b& 
15 s*m^2 i (Dmmiznm&M2 2 ^^n\^tzm^ t z> 0 n&mmmfa2 cm, 

Sfrflf U ^tL^r^fc il^EEjg^-S ^ ^ (IJ: oT^^n^o 2 0 fi. 
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^/Vfc^ls, iypi ^/UPs/U^^-i/ K\ 7t h=h!J/K i/^f/^;^7; h\ 

5 Ttt, LiPF 6 , LiBF 4 , LiAsF 6 , LiC10 4 , L i SCN, LiC 
F 3 C0 2 , LiCF 3 S0 3l LiN (S0 2 CF 3 ) 2 , LiN (S0 2 CF 2 CF 
3) 2 ; L i N (COCF3) 2 MU!L i N (COCF 2 CF 3 ) 2 &£f<£>^ t L 

2 5°CT:\ 1 dm 3 ©7k(C, O. l^/KDFeCl 3 - 6H 2 0, fcil/, 0. 
0 0 6 6^KDTiBr 4 ^HIM^fc o 0#*{C X I <D^^ 1 Ot/h 

o#*(^, ±EEMif 7 5tigt, T-t^U^zf^ 2 0 £ % # 

y7y^7t'-!jf^ (PVDF) 5fi4$|5<b ^Px., $f>l:N-^f/l/-2 eo 

tio ^<Z>milj£3r 1 t/cm 2 T-iDi±ML, o^f^T^t 1 0 0°C 

"CW5:iiaot, 1 5 mm X 1 5 mm X 0. 5 mnKDjEjgSrftMK 

ffl-^ -hSEIE^ffl^T, **M«©Effi^4*St4rfl8*.fe*H16ffil«?|& (A 1 ) 
25 Srftlf^Ufco Affit-^JRy^-^A, lrao 1/lWLiClO, 

2 5°CX\ ldm 3 ©*!:, 0. 1 F e C 1 3 • 6 H 2 O. joJ:t>\ 0. 
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0 0 3 3^©VO S 0 4 • 2 H 2 0&t tl^$*fc„ o#*tc: s ^(DtK^M^ 

1 Ot/htWo< 9 Lfcj*ST?*PS»U 8 0°C-C2 B{£ofc 0 3u&Lfc£t 

tttt (A 2) ^rMf^bfc 0 
[Jt^Jl] 

2 5°C-t:\ 1 dm 3 (?)*(:, 0. l^/KZ)FeC 1 3 • 6H 2 0^?$-frfc 0 
offfcl* d OtK^SES- 1 Ot/hg^^o < D LfcjEg-eMfcU 6 0 o CT2 

(BD zmft^tco 

titmm 2 ] 

15 2 5tT\ 1 dm 3 ©*!!, 0. 1 3 • 6H 2 0, Joit>\ 0. 

0 1 2^A-CDVOS 0 4 • 2H 2 0^i h l^MM $-fr/c D 0^*(d % ~ <7)7K*Sti££- 1 
0t/hllro^< 9 bfc&g-eflDf&U 7 0°CT2 Bt£o/c 0 ^U^ittJK 

(B2) 3rMtf=Lfc 0 

HI 4 (a). (bK (c), (d) IZ. % ^tL^ftlitmmniB 1 . B2, ^H^^J® 

Mia i % a 2 izm\,^btitijEmmv!>n<7)xm\E}Vf'<? — > (c u k a m 

[E]#ft 0 — ? (DiiLWfrb. 1 , A 2. *3j:tW*:ilMti&B 1 tCffll^b 

25 tLfc&W4i i(1 13-F e OOHt"fo5 ^ t^^o/c 0 — lti&mftlB2 

^i:*o /do 

I CPffi^WvlioT, *HJ6fl»M?feA 1 . A2^/IHMbtLfcM?£#> 
JC^te, zti^tn i . 3 w t r i ^HS^tlt. — £\ Jt«E 



9 



WO 01/80337 



PCT/JP01/03223 



X (VOS0 4 /F e C 1 3 ) < 0 . 1 tte&0kWX~nbHt-(DiZ.Z)[ls^ ##CD^ 
5 VoWlZ. ^fritX (VOSO,/F e C 1 3 ) >0. 1 £ ft 5 0kWXS&L £ *Lfc 0 
LfdT^oT, FeCl 3 i:VOS0 4 ^\ ^/UitX (VOSO/FeC 1 3 ) < 

io io) ffiiHitffk'-^fD^M'i'ite. ■zti'enmo. 5° ,1.2°, 0. 2 0 

ofc 0 Lfc^oX, *IIit«A 1 , A2, $3£.TJtt%tmm.B 1 iCLffl^fbtlfc 
li^Ili, ^-iX^n^H^K/S — F eOOH, :fo JltMS/^JIfl — F eOOHt 

15 ±m<D£ oizL^xmftvtL^mMmmmA 1 % a 2. *5j;t>\ jtmBi, 

^SJEE^tL-eft^. 3V % 1. 6ViLf: 0 

20 *d^t. te-^-#{i^:3i^!im?iiiA 1 te-§-A{i^:ii»!jm?t!iA 2 (z>, ^ytte-^- 

lgS^tMl (mAh/g) t LT^m^ttT^-5o 

ei 5 ii**^®^ m 

^mmmmMA 1 £4 . 3v-ejtitiii. 6vt-&tt, -etu-en^m^ 
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xi&mvr/*?— ^z^ti^thm 7 (a), (b).(^-f- 0 *nM$mmAi 

I§J7 (a), <b) t (c) £itf&i-5<!:. ^.WcM^n 9 r <!: oXS^jWcoIh] 

.5 t/ft°-^^^^^<{&TL, £<b(^ 9° , 2 6° % 3 2° \ZLmtHZ.m$T 

&£TJ63° lzmti^t°-?fr{ii%L-rZ> w t*s*>A»5. bJt^oT, #369i#iBi 

ic/s— f e ooh^ y ^^n&m^fflE^^K^fflWc^, y A# 

A'MSSiaoT, t^W^CSTU iilt^^<^ftt5;i: 
10 ^P^P>7&^^o/Co <C*5, HI 7 (ah (b) (CjoV^T. fi3 8° ,4 5° , 6 5° 

[HffiflJ 3 ] 

2 5°CT\ 1 dm 3 £D*C, 0. 1 ^/l/tf> F e C 1 3 • 6 H 2 Ch :fc <£ th 0. 
15 l^WCuS0 4 - 5H 2 05:ni:^?W: 0 of*C, C <D7kmt&& 1 0°C 
/hi&jg<0^o< 0 L^5SST'*Df!ftL, 8 0°CT2 0<fcofc o £.J&Vtztt.MM$: 

20 Vd F£ 1 om*$B<>: U^^i^tiH^Jl fcPHRKL-f, IE® £r ftMK U * 
(A3) £S!H^L/i 0 

£7 5fi*:g!k Tir^U-V^7 £ 1 5fi^, PVd Flrl 0 ft»g|5 i Lfz 
25 ;tWWJli:»LT, iEffiSrf^lL, #^J60tJfM& (A4) SrMfE 

[H»!l5] 

*8 0mfteB. 7tfl/y77-y^l0ll^ PVdF^lOll^Hfc 
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ztzxftttmmmi ^tiat, *mmmmm (as) 

2 5^, 1 dm 3 <D7kC. 0. H/WF e C 1 3 • 6H 2 0, fc<tt>\ 0. 
5 0 3 3^©A1 2 (S6 4 ) 3 • 8H 2 O £ t h £it7t 0 o^Cl, 'CO 

ot/hg^©t^o< vtzmmx-tomv. 8 0^2 B&otz 0 ^ 

S^l-. ±f£]E^^K^8 0S*gB. 7tf U^yy^^lOli^ P 
10 V d F£r 1 OMAUt LfcC <h^^(iH»J 1 tmmiz LT, mftiL, * 
H»jm?& (A 6) £Mf£b/;: 0 
[3li£#l7] 

2 5t-C\ 1 dm 3 tf>7M^ 0. lt^OFeCl,- 6H,0 % fcW 0. 
0 4^©A1 2 (SOJ 3 * 8H 2 O&t •k\Z.mmZ J &tL 0 0#"(^. w (DW- 
15 1 0t/h»^>o < <9 U/diMT'flniUVU 8 O'CT^ 0i£o/c o £j£L 

*«c ±teiE^#)«^ 8 ofi*§TK T-m-u^-?? vt* i omstp, P 

V d F£- 1 OMSBi: bfc~ <!:£WtellJ»J 1 «t IBJESlw Lt, jEJl^ft^U ^ 
20 WMmnM (A 7) ^f^L/Co 
[H«J8] 

2 5^ 1 dm 3 (7)7Kl:, 0. l^WF eC 1 s • 6H 2 0, fci^ 0. 
0 5^WA1 2 (S0 4 ) 3 • 8H, O^itll^|$*to 

25 fcttf&^igU ^@7k T- J: <?5fcfrL 8 Ott^f iria ^ * 

*WJ«m (A 8) ^Lto 

12 



WO 01/80337 



PCT/JP01/03223 



[Jtf£0)J3] 

Tir^U^^7 -7^?r2 0^*£|S, P V d F £ 1 0 fiigfl i: Lfc d t Uft 

nmmmi tmm^vx^ ie^a^u itf&mm. (B3) zmrtL-t-* 
it tstm i ir^tcLx, jEmmvon&nti 0 o#-(^ suiejehs#j«^7 51 

7irf l^y^yy^i^l 5S«B, PVdF£l Ofi*g&£ LtCt^ 
fiH»Jl ^Iia-C, jE^SrfElSU It^m^til (B4) ^r^Lfc 0 

[Jti|&01J 5 ] 

10 ttmmi i:»u, wm^mm.^m^o o£*ic % iutenE^^icsrs o 

f * ^ 1 0fi4£lK PVdF^l oa*S5^ l.tz^t£X 

ftummmi tmmiz^x. m^mu it^m^ (bs) £rMfEL/Co 
[jt^6] 

2 S'CT*, 1 dm 3 tf>7k{-. 0. l^OFeClj* 6H,O k fei^ 0. 
15 0 2WA1 2 (SOJ 3 • 8 H 2 0£<>: h^m$*£-&tl 0 o£*t^ x d (D^ 
1 0 £ C/h^C»^>o< 19 b/cjg^-CAP^L, 8 0tT'2B§ot o £j& L 

Sit (B6) &mvf^tc 0 

[Jt^7] 

2 5tt\ 1 dm 3 OTK(-, 0. 1 ^/KO F e C 1 „ • 6 H 2 O % ±3 «fc U\ 0. 
0 2 5^KDA1 2 (S0 4 ) a • 8 H 2 0£<t t>(^fif £-£jto ^(7^ 
25 2§i££rl 0°C/hm^<7)^o < <9 Lfcii^T'AP^L, 8 0t"C2 B^o/-- 0 

. V d F£ 1 0S*gf5^ It: t^{i*«'J 1 £1^13^ LT, jESSrffcKU it 
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mmm (b 7) srSflsufc. 

|H8 (C, *^TOA3liffiV>6i%fciEM^f©Xi@^^-> (Cu 
Kai) £^1% il8<^IUtfffc 0 — ^^{Se^Pj, *Hl£0IJ*?&A3tCfflV^nfc 
J&4feRtt 0 - F e OOHt*)5;t fct>fr^t=. 0 ktz, (110) SE^rf— * tf> 
5 ^«*i«^JO. 7° T'fcofc 0 Cfc^oT, *110iJt?lfe A 3 Cffl 1/ ^tlt IS 

It^mmB 3-efflV^^ix/cS^lWtti«^ a B Bi3— F e OOHt*fe5 0 

X^lH]lfft°— ^^«75^*i6^tL^IE*- H B B /J — F eOOH^ffSll &m 

mmmmA3izm\<^titL#ikW0—FeooHizmisX, a = io. 50 a, 

10 c = 3. 0 3 A. Jti&SttlB 3 \^m\<^hfhtlWlfc&& — F e OOHtiLT, a 
= 10. 54 A, c = 3. 0 3AT*fcot 0 lloT, $^^ B B B Sl3-F e O 
OHOTO^fi, » B B tt|3-F e OOHWf fi^i^T, a i&^rfa(Cl|X 

m 9 (3^ii»!im?t!iA3(wffli^tLy'cE^#jK^^*m^ : ^^^x^^i-o 

I C P3S3fc#tt##rf-«fco-<\ ^HJfctf'jmftl A 3 t^ffl I ^htltzfl -F e 
20 OOHCIlCu^O. 0 7 w t w t ^StB^ilfc. 

*3gf3«7t!lA 3 £a l Lt, *5«:fc«fcrfi6&m^ «jfe^^^LTIE1fi 

^itttlZftim 7 (a), (b) £H^-C£>o*i 0 

25 _blE^i 5 5- Lt^L/:*IM'JtlA3, A4, A 5. *Jj;t>\ Jt^m^ 
B3« B4. B5l:o^T, — ^m^-C 1 0 if-Y ^(D^ttkmH^^mm. LtZo 
3tnt&±nB. : & 4 . 3V, ^tm^ltmff^ 1 • 6Vt m»tcfii£0. 2 mA/ 
c m 2 t LTCo 

01 Old, **10i)t?lllA3fcctt/J:bSt?t!lB 3W^f-r^^|Cfclt5felt 
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Hi Hi, *^JS0!l«?feA.3 , A 4 , A 5 *5 XXfit&mttLB 3 . E 4, B5 (C 

«^*ir^^^^LfcbOT'fcSo fc:fe\ Hll 1 ClSS^T. fe-^Bfi^lliM 
t*A3, A4> A5IIO^t (D^tzm^rOl-iitmm^LB 3, E4, 



1 



T*^^ hit 


(mAh/g) 


1 . 5 


16 5 


1 . 9 


1 6 1 


2. 8 


15 4 


3. 5 


1 5 2 


4 . 6 


15 1 


5. 9 


14 2 


6. 4 


13 8 


7. 9 


13 3 



• (ii6 0mAh/g^gi5:i#h/j>ofc 0 

I C P 5£3tfrytftVr frh , **^ilijm^A 6 % A7, A8, teXXfitmmttLB 
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*IWt?iilA6, A 7, A 8, *5J;t^Jt^«?tllB 6, B 7 ICffl 1^ i^fc 

mi2i±, i o-v^ ?^Btz&rtz>&nffimm-mA6. a 7, as. &£z*tt 
immm 9 ] 

2 5 C CT\ 1 dm 3 ©*!^ 0. l^^©FeC 1 ., • 6H,0, fei^ 0. 
0 0 3 3^/KZ)Li 2 SO, -H 2 0^it(^g$ift 0 of|I 4 

ft^(-» ±!EEiffi!fef^8 OfifirgB, 7tf uy77 7^^1 Oli^, p 

^ife^jm^ (a 9) &mifLti 0 

[MMffl l 0] 

2 5°CX\ 1 dm 3 (D7K(:, 0. 1 ^/\,<DF e C 1 3 • 6 H z O. *5«tT/, 0. ' 
0 5^©L i, SO, • H. 0£<h t>^«#$-er^: 0 o#*{C, i 0 °c 
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vdF^i o&m&t i,iz.z.k&Lfiu*ntemi tmrniz^Xs liir^u * 
5 mmmmm (aio) sr«if^ufc. 

[HJfeflaj l i ] 

2 5tt\ 1 dm 3 C07KlC, 0. 1 ^KDF e C 1 3 • 6 K 2 0, XXf. 0. 
1 -=E-/K7) L i 2 SO, •HjO^itl^i!?^, ofC, Ot/ 

hnm<D<4>-D< <9 vtzmmxmm^. 9 ott-2 a^ofc. ^Lfc^^^ig 

V d F3r 1 OM*£B£ L/c^ ^a^iiUJfe^J 1 t FltRJJlLT, li^fflL, * 
H»!im^ (All) ^ftLfeo 

15 [H16W12] 

2 5tt% 1 dm a ^7K(-, O. 1 ^e/KD F e C 1 3 - 6 H 2 O „ *5 «t T>\ O. 
0 1 */KDMg S0 4 • 7H 2 O^r i t>{w^^?$-tirfc„ o#"(^ 1 0°C 

/hfI£<&#o< 9 LfcilS^flnffcU 60tT'2B^ofc 0 ^Lfcit^^5 

V d F ?r 1 OligB i: Lfcl t W^liUMJ 1 i l^ttc LT, jE«£f£g!U * 

nmm-mm (a 12) &Mf£Lfc„ 
cuite^ji 3] 

25 2 5°CC\ 1 dm 3 (7)7KiZ v 0. l^t/KDF e C 1 :( • 6H 2 0, ili^ 0. 

0 3 i 2 S0 4 • H 2 0£k t (-^fi? £i±*: 0 0#*{C, CO^^rl 

o°c/hggo^o< <o LtimmxmmL, 6 o°c-c-2 Bt^ofc 0 ^i^tntm 
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-blSESSIfeWS: 8 0 T-fe-^u^^^ i oM*£|3, P 

VdF^ioiiS^ufc:W[i^.i^ i(:U> BMftlL, * 
H»!J«M (Al 3) zmtLtio 

ittmm 8 ] ,-: ... . .. . 

2 5°CT\ 1 dm 3 ©7(cl:, 0. 1 tEvUGDF e C f a • 6 H 2 0, *5ctt>\ 0. 
O 3WCuSO, • 5H 2 O&t h^miWZ&tz. 0#*{^ -<D^£ 1 0°C 
/hi ^< 5 Lfr^T^BaL, 6 0°C-C2 B{£ofc 0 L7^i£j|§:£ ^ 

(B8) zmYt\.tz 0 

<t^(cLT, jej^^u tmnm (B9) ^^ftufc. 

ff£7 0M^ 7tfl/^7y^2 0li», PVdF^10l«BtL 

iPHSlZLT, Ei^f^U it«fl£?fe (BIO) SrjKf^ 

**JS0ijm?tilA 9~A 1 3i3j:U!jtRtiB8-B 1 OCffl^^fclgg 

— A 1 3*Jj;t5Jt|SE«?l&B 8~B 1 0^ffllN6tL/i^K{iV^nt^ H B B W)3 — 
FeOOHt'fc5:tWot 

S2l:*Il^iJMA9~Al 3:fc«fctWt&mfl&B8t£BILT, ^Jg^-e^. 

se2 
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%L+(D^— K3I in m) 


<> A 9 


0. 6 


A 1 0 


3. 4 


All 


5 . 1 


A 1 2 


6 . 2 


A 1 3 


9. 5 


B 8 


13.9 



m2frh, *HMiJllA9~Al 3 Izmi^btLtzfe'VdWftL^Fft^— KS^S % 
1 0 m£HTT*fc5l ti s i?^ot 0 SEMl^f,, ^H»J 

5 A10-A13!lffl^W:Siflt ^^^IS^^— ^^^>^*^t5^^5 
10 W.1feteW.I±&^:ti^:tL4. 3 V. 1. 6VH> m^fitSrO. 2 mA/ cm 2 <t 

ii 3it i o-^-r ^^s{-*jt-t^^iij!ig^jm?tiiA 9~a i s&jiu^s&mMi 

15 11 3 75^. S^3M^^^>^— K^/^l 0 ym&T, ^{-6 /jm^T^tt, 

^^ff^^m, *»JliA6, A 7, A8, *3ctr/Jt^«?illB 6 % B7 

tz a L/c^oT, ID 1 2<7)P^75>ib, ^— Kfl7)5 1 0 a/ mWTtfcoT, 
20 Al-aWiTi-0. 1 w t %g±Wih B Bf 1?-F e OOH^iEig^f i Ltffll^ 
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8 0 : 1 0 : 1 0 £ Lt. ^:t;of|^Mffttl^i5^Iii©^!: 
P^fco it^ffiMB 9*5iVB 1 OlCglLT, ±.mtm& 7 0:2 0:1 0 H 

5 ^O^^:, JfcttftttLB 9*5 it^B l 0<£> 1^0 iM'-^yi'-Bt::*? ft 

-BuL i^Li I ^n^$nSil7n^'J<i:SJ^^-ti:?)*v£^^J^^tt5 0 
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1. B, P, S. Li, N a , K, Mg, A 1 , C a , S c , T i , V. C r , 
Mn, Co, Ni, Cu, Zn, Zr, Pb, S n frh tti bm&tlti 
-T< t h— m<D7tm&<ats & — F e OOHt'fcot, $ ?)lwCu Kail 
£/Bt^LXg£[U#T8jT\ ^M'l'lY^O. 3° <Y (20) © (1 10) ®H3 

2 . , B , P , S , Li, Na, K, M g , Al, C a , Sc, T i , V, 
Cr,Mn, Co, Ni, Cu, Zn, Zr, Pb, Sn 5 

0 0 o C<D^HrtT^D7K^^-t-SX^^#^^?i*<Di5IS^ 1 3^CD-^m?tll 
T-$>9, FeCl 3 tVOSO 4 ©*;Ht^0< (VOSO/F e C 1 3 ) 

<o. 1 j; ?t£m^x'mm^t^w&*m\,^-i(kmm.miEmf£tfon 

4. t^©77-<^ Mt^SWTrojJ-FeOOHT'fcoT, £<bf-CuKa|£ 

£ffl^fcX|§Ue]#n£-C, ^fi*SY^0. 3° <Y (2 0) ©(110) ®[eJ 

5. ^O^- Ft 7)U 0 ^ mWTT'fc 5 - F e O O H T' fc o t , £ibf~Cu 

Kam&m\<^tiXm\BlVffeT\ 3MIH6Y26SO. 3° <Y (2fl)»(l 10) 

6. f»3fc©igffi$M«fcf*^5^ld:J^T. jEffiJ&GMCtt, <*£>I^, Li, N 

a, K, Mg, Al, Ca, Sc, Ti, V, Cr, Mn , Co, Ni, C 

u, zn, zr, Pb, sxifrht£%mt*%m\-£*itL'pt£< t^—moiTtm 

7. M3fcO®fflM4lI£fc{2m5if {C&^T, Li, Na, K, Mg, Al, C 
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